Postnatal constriction, ATP depletion, and cell death in the mature and immature ductus arteriosus.
After birth, constriction of the full-term ductus arteriosus induces oxygen, glucose and ATP depletion, cell death, and anatomic remodeling of the ductus wall. The immature ductus frequently fails to develop the same degree of constriction or anatomic remodeling after birth. In addition, the immature ductus loses its ability to respond to vasoconstrictive agents, like oxygen or indomethacin, with increasing postnatal age. We examined the effects of premature delivery and postnatal constriction on the immature baboon ductus arteriosus. By 6 days after birth, surrogate markers of hypoxia (HIF1alpha/VEGF mRNA) and cell death [dUTP nick-end labeling (TUNEL)-staining] increased, while glucose and ATP concentrations (bioluminescence imaging) decreased in the immature ductus. TUNEL-staining was significantly related to the degree of glucose and ATP depletion. Glucose and ATP depletion were directly related to the degree of ductus constriction; while TUNEL-staining was logarithmically related to the degree of ductus constriction. Extensive cell death (>15% TUNEL-positive cells) occurred only when there was no Doppler flow through the ductus lumen. In contrast, HIF1alpha/VEGF expression and ATP concentrations were significantly altered even when the immature ductus remained open after birth. Decreased ATP concentrations produced decreased oxygen-induced contractile responses in the immature ductus. We hypothesize that ATP depletion in the persistently patent immature newborn ductus is insufficient to induce cell death and remodeling but sufficient to decrease its ability to constrict after birth. This may explain its decreasing contractile response to oxygen, indomethacin, and other contractile agents with increasing postnatal age.